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© 2-cell/1-bit type EPROM. 



© The first input terminal (N1) of a differential 
amplification type sense amplifier (1) is connected to 
a first memory cell array (MCA1) and the second 
input terminal (N2) thereof is connected to a second 
memory cell array (MCA2). Each of the first and 
{^second memory cell arrays (MCA1, MCA 2) is 
^formed of a plurality of memory cells (MC, MC ) 
„ arranged in a matrix form. Each of the memory cells 
03 (MC) in the first memory cell array (M CA1 ) and a 
CO corresponding one of the memory cells ( MC ) in the 
second memory cell array (MCA2) are provided in 
fir^the f° rm of pair for each bit. Complementary data is 
CO programmed into the paired memory cells (MC, MC 
gmy ) according to programming data (Din). In the data 
readout operation, the potential of data read out from 
ft] the paired memory cells (MC, MC ) is amplified by 
means of the differential amplification type sense 
amplifier (1). First and second loads (4-1, 7-1, 8-1, 4- 



2, 7-2, 8-2) are connected to the first and second 
input terminals (N1 , N2) of the differential amplifica- 
tion type sense amplifier (1). The mutual conductan- 
ces of the first and second loads (4-1, 7-1, 8-1, 4-2, 
7-2, 8-2) are controlled so as to set the potential 
difference between the potentials of da ta read out 
from the paired memory cells (MC, MC ) selected in 
the first and second memory cell arrays (MCA1, 
MCA2) smaller in the verify mode than In the normal 
readout mode. 
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2-cell/1-bit type EPROM 



This invention relates to a nonvolatile semicon- 
ductor memory device, and more particularly to a 
circuit for verifying newly programmed data, based 
on stored data, immediately after a data program- 
ming operation. 5 

Conventional ultraviolet erasable and program- 
mable read only memories (EPROMs), makes use 
of a 1 -cell/1 -bit system for data storage; that is, 
each memory cell formed of a floating gate type 
transistor is used to store one-bit data. With an io 
increase in the operation speed of the central pro- 
cessing unit (CPU) used in recent computer sys- 
tems, requirements for high speed for the EPROM 
have become stronger. In order to meet the re- 
quirement, 2-cell/l-bit type or 4-cell/1-bit type EP- 75 
ROM has been proposed. The above type EPROM 
is disclosed in. for example, IEEE JOURNAL OF 
SOLID-STATE CIRCUITS. VOL. SC-20. No.5, OC- 
TOBER. 1985, pp. 162, 163 and 332 "A 25-ns 16K 
CMOS PROM Using a Four-Transistor Cell and 20 
Differential Design Technique" Saroj Pathak et. aJ. 
In the 2-cell/1-bit type EPROM. differential am- 
plification type sense amplifier SA as shown in Fig. 
1 is used. Sense lines SL and 5T", loads 31 and 
32, bit line potential clamping transistors 33 and 25 
34. common bit lines CL and CtT, column sele ction 
transistors 35 and 36. bi t line s BL and ET". and 
memory cells MC and MC are respectively ar- 
ranged symmetrically with respect to sense am- 
plifier SA. That is, load 31, the current path of 30 
clamping transistor 33, common bit line CL, the 
current path of column selection transistor 35, bit 
line BL and the current path of memory cell MC 
are series-connected between power sources Vcc 
and Vss. Further, a connection node between load 35 
31 and clamping transistor 33 is connected to one 
end of a sense line SL which is connected at the 
other end to a first input terminal of sense amplifier 
SA. Likewise, load 32, the current path of clamping 
transistor 34, common bit line CtT, the current path 40 
of column selection transistor 36, but li ne BCand 
the current path of memory cell MC are series- 
connected between power sources Vcc and Vss. 
Further, a connection node between load 32 and 
clamping transistor 34 is connected to one end of 45 
sense line STwhich is connected at the other end 
to a second input terminal of sense amplifier SA. 
The gates of clamping transistors 33 and 34 are 
supplied with bias voltage VB. The gates of column 
selection transistors 35 and 36 are supplied with so 
the same column selection signal. The control 
gates of memory cells MC and MCare supplied 
with the same word line selection signal. The mu- 
tual conductances gm of loads 33 and 34 are set at 
the same value, and clamping transistors 33 and 



34 and column selection transistors 35 and 36 are 
formed with the same size. 

The programming operation of the EPROM is 
effected under the condition that a memory cell 
connected to one bit line is set in the programmed 
state (off condition) and a memory cell connected 
to the other bit line is set in the non-programmed 
state (on condition). One of the memory cells is 
selectively set into the programmed state (turned 
on) according to data to be programmed. As a 
result, complementary data are programmed into 
memory cells MC and WU"\ In the data readout 
mode, whether stored data is "I" or "0" is deter- 
mined according to the magnitude of the potent ials 
read out from memory cells MC and MC and 
supplied to bit lines BL and BIT. In this case, the 
potentials of sense lines SL and 5E~are determined 
by the resistance ratio between the resistances of 
loads 31 and 32 and the resistances of memory 
ceils MC and ETC". Complementary data are stored 
in memory cells MO and MC . and mutual conduc- 
tances gm thereof are different. Therefore, a poten- 
tial difference occurs between sense lines SL and 
STwithout fail. The potential difference is amplified 
by means of sense amplifier SA and then output as 
readout data. 

As described above, according to the 2-cell/l- 
bit type EPROM, the potentials of sense lines SL 
and SlTare set to different potential levels, high/low 
or low/high, so that the noise margin can be en- 
larged and the design suitable for high speed op- 
eration can be easily obtained. 

In most cases, loads 31 and 32 of the circuit 
shown in Fig. 1 are each formed using P-channel 
enhancement type MOS transistor 41 having the 
gate and drain connected together as shown in Fig. 
2. The relation between potentials of sense lines 
SL and StTobtained in this case and the potential 
of power source Vcc is shown in Fig. 3. Fig. 3 
shows the relation between the potentials with shift 
amount AVjh (which is a threshold voltage raised 
from the initial voltage by programming data to 
inject electrons into the floating gate electrode, and 
corresponds to the amount of programming 
charges) of the threshold voltage of memory cells 
MC and IvTCTused as a parameter. The potential of 
the sense line (for example, SL) associated with 
memory cell MC set in the programmed state 
becomes higher than that of the sense line asso- 
ciated with memory cell MC set in the non-pro- 
grammed state. A difference between the potentials 
(sense line potentials) becomes smaller as the po- 
tential of power source Vcc is raised, but the po- 
tential level relation thereof will not be reversed. 
Further, as shown in Fig. 4, the potential of the 
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sense line associated with memory cell MC set in 
the programmed state becomes higher as the 
amount of programming charges AVjh in the mem- 
ory cell set in the programmed state is larger while 
the potential of power source Vcc is set at a 
constant level. Therefore, as the amount of pro- 
gramming charges AV T h is larger, the difference 
between the sense line potentials becomes larger. 
In general, when the difference between the sense 
line potentials is supplied to sense amplifier SA, 
the amplification operation of sense amplifier SA is 
effected more stably and quickly as the difference 
between the sense line potentials is larger, thus 
improving the access time and noise margin. 

In the conventional 1 -cell/1 -bit type EPROM, in 
order to attain a sufficiently large amount of 
charges programmed into the memory cell, it is 
common practice to set the voltage level (6.25 V t 
for example) of power source Vcc at the program- 
ming time relatively higher than that (5 V) of power 
source Vcc at the readout time. Further, the drain 
and control gate of a memory call to be pro- 
grammed are supplied with high level programming 
voltage Vpp (12.75 V). The verify operation is ef- 
fected immediately after the programming opera- 
tion, and the same voltage of power source Vcc as 
is used in the programming mode is used when it 
is checked whether or not the programming opera- 
tion is satisfactorily effected. If it is detected that 
the programming operation is not effected satisfac- 
torily, an additional programming operation is effec- 
ted until a sufficiently large amount of program- 
ming charges is obtained. It is required to set a 
severe criterion for the programming charge 
amount in the verify operation in order to not only 
enlarge the noise margin but also enlarge the pro- 
cess margin including the reliability. The require- 
ment is proposed in consideration of the possibility 
that the stored charges in the floating gate elec- 
trode of the EPROM will be lost after data is 
programmed, and the threshold voltage is lowered. 
The loss of programmed charges may be caused 
by the following two reasons: The first reason is 
that when data is programmed into a memory cell 
which is connected to the same bit line or word line 
of the memory cell array to which the memory cell 
having data stored in the preceding cycle is con- 
nected, an intense electric field is applied between 
the floating gate electrode and drain region or 
between the control gate electrode and floating 
gate electrode of the memory cell having data 
stored in the preceding cycle, thereby causing part 
of charges stored in the floating gate electrode of 
the data storing memory cell to be emitted along 
the electric field. The second reason is that the 
charge is lost when it is operated over a long 
period of time, for example, for several years. 

However, unlike the 1 -cell/1 -bit type EPROM, 



in the 2-cell/1-bit type EPROM shown in Fig. 1, it is 
difficult to set the voltage level of power source 
Vcc to a high voltage level in order to ensure that 
data can be programmed with a sufficiently large 

5 amount of programming charges. This is because, 
when programming charge amount AV TH of mem- 
ory cell MC associated with one sense line (for 
example, SL) is small, 0 V, for example, in the 2- 
cell/1-bit type EPROM, the slightest amount of pro- 

70 gramming charges programmed into memory cell 
ETCTassociated with the other sense line ( ST) may 
cause the potential of sense line SL to be set 
higher than that of sense line SL. The potential 
level relation between the potentials of the sense 

15 lines will not be reversed even when the voltage 
level of power source Vcc is raised. Therefore, 
even if the voltage level of power source Vcc is 
raised, it is impossible to ensure sufficiently large 
programming charge amount AVjh- When pro- 

20 gramming charge amount AVth becomes insuffi- 
cient, the characteristics of access time tAcc and 
the noise margin will be degraded. Further, the loss 
of slight amount of programming charges may 
change in the memory cell. 

25 As described above, in the case of the EPROM 

using two sets of memory cells for each bit, it is 
impossible to ensure a sufficiently large amount of 
programming charges in the memory cell by sim- 
ply setting the voltage level of power source Vcc 

30 higher in the programming mode than in the 
readout mode, thereby providing various problems. 

Accordingly, an object of this invention is to 
provide a semiconductor memory device which can 
ensure a sufficiently large amount of programming 

35 charges even in the memory cell of the EPROM 
using two sets of memory cells for each bit. im- 
prove the characteristics of access time tAcc and 
the noise margin and enhance the operation re- 
liability. 

40 According to one aspect of this invention, there 

is provided a semiconductor memory device which 
comprises a first memory cell array having non- 
volatile memory cells arranged in a matrix form; a 
second memory cell array having nonvolatile mem- 

45 ory cells arranged In a matrix form and selected in 
combination with the respective memory cells of 
the first memory cell array in a paired form; a 
programming circuit for setting one of the paired 
memory ceils selected from the first and second 

so memory cell arrays into the programmed state and 
the other into the non-programmed state according 
to programming data and thus programming com- 
plementary data into the paired memory ceils se- 
lected from the first and second memory cell ar- 

55 rays; a sense amplifier for determining stored data 
by comparing data read out from the selected 
memory cell in the first memory cell array with 
data read out from the selected memory cell in the 
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second memory cell array; a latch circuit for tem- 
porarily storing input programming data when com- 
plementary data is programmed into a pair of se- 
lected memory cells of the first and second mem- 
ory cell arrays; and a criterion setting circuit for 
setting a criterion severer in the verify operation 
effected immediately after complementary data has 
been programmed into the memory cells of the 
first and second memory cell arrays according to 
data latched in the latch circuit than in the normal 
readout operation. 

With this construction, the criterion used for the 
verify operation can be severely set based on data 
input in the programming mode and therefore a 
sufficiently large amount of programming charges 
can be obtained in each memory cell. 

Thus, there is provided a semiconductor mem- 
ory device which can ensure a sufficiently large 
amount of programming charges even in the mem- 
ory cell of an EPROM using two sets of memory 
cells for each bit, improve the characteristics of 
access time t A cc and the noise margin and en- 
hance the operation reliability. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a circuit diagram showing a readout 
section of the conventional EPROM of 2-cell/l-bit 
type; 

Fig. 2 Is a circuit diagram showing the con- 
struction of a load used in the circuit of Fig. i; 

Fig. 3 is a characteristic diagram showing 
the relation between the power source voltage and 
the bit line potential in the programming mode of 
the EPROM shown in Fig. 1 with the amount of 
programming charges used as a parameter; 

Fig. 4 is a characteristic diagram showing 
the relation between the amount of programming 
charges and the bit line potential in the readout 
■mode with the power source voltage of the EPROM 
shown in Fig. 1 set at a constant voltage level; 

Fig. 5 is a circuit diagram showing a 
programming/readout section of an EPROM ac- 
cording to a first embodiment of this invention; 

Fig. 6 is a flowchart showing the data pro- 
gramming process in the EPROM of Fig. 5; 

Fig. 7 is a timing chart of various signals in 
the programming/verify mode in the EPROM of 
Fig. 5; 

Fig. 8 is a circuit diagram showing a 
programming/readout section of an EPROM ac- 
cording to a second embodiment of this invention; 

Fig. 9 is a circuit diagram showing a 
programming/readout section of an EPROM ac- 
cording to a third embodiment of this invention; 
and 



Fig. 10 is a circuit diagram showing another 
construction of a sense amplifier in the circuit of 
Fig. 9. 

s Fig. 5 shows an example of a 

programming/readout section of a 2-ceII/1-bit type 
EPROM. Sense line SL, the current path of poten- 
tial clamping MOS transistor 2-1, common bit line 
CL, the current path of column selection transistor 

10 3-1, bit line BL, and the current paths of a plurality 
of memory cell transistors MC are series-connect- 
ed between first input terminal N1 of differential 
amplification type sense amplifier 1 and power 
source terminal Vss. A plurality of series circuit 

75 sections each including the current path of column 
selection transistor 3-1 . bit line BL and the current 
paths of a plurality of memory cell transistors MC 
are connected in parallel between common bit line 
CL and power source terminal Vss. A group of 

20 memory cells MC constitutes first memory cell 
array MCA1 . The gate of clamping transistor 2-1 is 
applied with preset bias voltage VB. The current 
path of P-channel enhancement type MOS transis- 
tor 4-1 which acts as a load and whose gate and 

25 drain are connected together is connected between 
sense line SL and power source terminal Vcc. 
Further, the current path of programming N-chan- 
nel enhancement type MOS transistor 5-1 is con- 
nected between bit line BL and power source ter- 

30 minal Vpp. Programming data Din is supplied to 
the gate of programming transistor 5-1 via inverter 
6-1 which is operated on power source voltage 
Vpp. The current path of P-channel enhancement 
type MOS transistor 7-1 for pulling up the potential 

35 of sense line SL in the verify mode and the current 
path of load P-channel enhancement type MOS 
transistor 8-1 whose gate and drain are connected 
together are series-connected between sense line 
SL and power source terminal Vcc. The output 

40 terminal of NAND gate 9-1 is connected to the gate 
of pull-up transistor 7-1. The input terminals of 
NAND gate 9-1 are supplied with programming 
data Di from a data latching section to be de- 
scribed later and control signal PV which is set at 

45 "1" level in the programming mode and verify 
mode (set at "0" level in the readout mode). 

Sense line SE~, clamping transistor 2-2, com- 
mon bit line UT~, column selection t ransi stor 3-2, 
bit line BIT. a group of memory cells MC (memory 

so cell array MCA2), load transistor 4-2, programming 
transistor 5-2, inverter 6-2 operated on power 
source voltage Vpp, pull-up transistor 7-2, load 
transistor 8-2 and NAND gate 9-2 are connected to 
second input terminal N2 of sense amplifier 1 in 

55 the same connection manner as the corresponding 
portions with respect to first input terminal N1. In 
this case, the gate of inverter 6-2 operated on 
power source voltage Vpp is supplied with pro- 
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gramming data Din after it has been inverted by 
means of inverter 10. One of the input terminals of 
NAND gate 9-2 is supplied with control signal PV. 
and the other input terminal is supplied with pro- 
gramming data Din after it has been inverted by 
means of inverter 11. Each of memory cells MC 
and WT'm memory cell arrays MCA1 and MCA2 is 
selected by a word line selection signal, supplied 
via word line WL and a column selection signal and 
one of memory cells MC in me mory cell array 
MCA1 and one of memory cells MC in memory 
cell array MCA2 designated by a corresponding 
address are selected at the sa me tim e. In other 
words, two memory , cells MC and MC connected to 
paired bit lines BL and ElTand to the same word 
line WL are allotted for one bit. 

Load transistors 4-1 and 4-2 are formed with 
the same size and capacitance, load transistors 8-1 
and 8-2 are formed with the same size and capaci- 
tance, and pull-up transistors 7-1 and 7-2 are 
formed with the same size and capacitance. 

One end of the current path of first transfer 
gate N-channel enhancement type MOS transistor 
12 is supplied with programming data Din from the 
exterior of the EPROM. The other end of the cur- 
rent path of transistor 12 is connected to the input 
terminal of latch circuit 13. The output terminal of 
latch circuit 13 is connected to one end of the 
current path of second transfer gate N-channel 
-enhancement type MOS transistor 14. The other 
end of the current path of transistor 14 is con- 
nected to the input terminals of NAND gate 9-1 and 
inverter 11. The gate of transistor 12 is supplied 
with latch pulse LA, and the gate of a transistor 14 
is supplied with control signal SVpp. In this case, 
signals LA and SVpp are formed based on a dif- 
ferent control signal in the chip and generated at 
the timings as will be described later. Externally 
supplied programming data Din is supplied as in- 
ternal programming data Di to the Input terminals 
of NAND gate 9-1 and Inverter 11 via transistor 12, 
latch circuit 13 and transistor 14. 

The programming/verify process in the EPROM 
of Fig. 5 is shown by the flowchart of Fig. 6. Fig. 7 
shows the timing relation betw een an address in- 
put, chip enable signal UEHnput, programming 
voltage Vpp input, programming control signal 
PGM input, output enable signal OE input data, 
output data, internal control signal SVpp, latch 
; pulse LA, and programming enable signal WE in 
the programming/verify operation of the EPROM. 
On the other hand, in the programming mode, 
power source voltage Vpp is applied. Chip enable 
signal ClTbecomes active after the address signal 
is changed, and programming control signal PGM 
becomes active after the Input data is determined. 
At this time, voltage Vpp (for example, 12.75 V) is 
applied to power source terminal Vpp of Fig. 5, and 



a voltage of 6.25 V. for example, which is higher 
than ordinary readout voltage 5 V is applied to 
power source terminal Vcc. There will now be 
described the programming/verify operation in the 
s case where programming data Din is set at "O" 

level, for example. 

In the case where programming data Din is 
"0", voltage Vpp is applied to the gate of program- 
ming transistor 5-1 via inverter 6-1 to turn on 

10 transistor 5-1. and a ground potential is applied to 
the gate of programming transistor 5-2 to turn off 
the transistor. At this time, the potential of bit line 
BL connected to column selection transistor 3-1 
selected by the output (column selection signal) of 

is the column decoder (not shown) is set to voltage 
level Vpp, and that one of memory cells MC con- 
nected to selected bit line BL which is supplied at 
the gate with the voltage Vpp from selected word 
line WL is set into the programmed s tate ("CT 

20 state). On the other hand, memory cell MC con- 
nected to the other bit line BlTis set into the non- 
programmed state ( M 1 " state). 

Next, in the verify operation, pull-up transistor 
7-1 connected to sense line SL associated with the 

25 programmed memory cell is set in the off-state 
since output n 1 w of NAND gate 9-1 supplied with 
data Di of n 0 ff level latched in the programming 
mode as will be described later is supplied to the 
gate thereof. Load transistor 4-1 is used as a load 

30 of sense line SL as in the case of the ordinary 
readout mode. In contras t pu ll-up transistor 7-2 
connected to sense line 5C~*associated with the 
non-programmed memory cell is set in the on-state 
since output "0" of NAND gate 9-2 supplied with 

35 control signal PV of "1" level and programming 
data of "1 " level is supplied to the gate thereof. 
Therefore, the load of sense line SL becomes 
larger that in the ordinary readout mode, and the 
potential of sense line StTis set at a higher level 

40 than in the ordinary readout mode. That is, the 
potential of sense line SL associated with the non- 
programmed memory cell is pulled up to reduce 
the potential difference between sense lines SL 
and SITwhich is caused by the difference in mutual 
45 conductance gm between programmed mem ory 
cell MC and non-programmed memory cell MC . 

In this way, the criterion for the level compari- 
son of the potential of data "0 n read out from 
memory cell MC associated with sense line SL 
so becomes severe, and if programming charge 
amount AV TH in memory cell MC is insufficient, the 
requirement of the verify check cannot be met In 
such a case, data is re-programmed according to 
the algorithm shown in Fig. 6, for example, and as 
55 a result, sufficiently large programming charge 
amount AVth will be obtained. 

In contrast, when programming data Din is "1 
memory cell MU"~selected in memory cell array 
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MCA2 is set into the programmed state ("0 W state) 
and memory eel! MC selected in memory ceil array 
MCA1 is set into the non-programmed state ("1" 
state). The operation after this is effected in sub- 
stantially the same manner as that in the case 
where programming data Din is M 0". 

In the above verify mode, the readout data 
from each memory cell is determined to be "1 " or 
"0" by sense amplifier 1, and output data is sup- 
plied from the inputfoutput terminal in response to 
output enable signal OlTafter the output data is 
determined. Therefore, it is impossible to deter- 
mine whether the content of immediately preceding 
programmed data Din is "1" or "0" according to 
the output data. For this reason, the content of 
immediately preceding programmed data Din is 
stored in the verify mode, and the potential of 
sense line SL or SL which lies on the non-pro- 
grammed memory cell side is controlled to be 
pulled up according to the stored data. In order to 
store programming data Din in the data program- 
ming mode, transistor 12, latch circuit 13 and tran- 
sistor 14 are provided. When the programming 
mode is set in response to externally supplied 
voitage Vpp. control signal SVpp becomes active 
to turn on transistor 14. After the programming 
mode is set. for example, after 100 ns, latch pulse 
LA becomes active to turn on transistor 12, causing 
programming data Din to be latched in latch circuit 
13. In the period of the latching operation, the 
internal circuit is not set into the programming 
mode, that is, write enable signal WE is kept non- 
active in order to prevent the erroneous data pro- 
gramming operation from being effected in re- 
sponse to the change of the latch data. After data 
input Din has been latched and become stable, 
latch pulse LA becomes non-active to turn off tran- 
sistor 12. Then, the programming mode is set and 
the programming operation is effected as de- 
scribed before. After a predetermined inhibition pe- 
riod of time, the verify mode is set and the verify 
operation is effected. During this period of time, 
transistor 12 is kept nonconductive, and the same 
data latching operation as described before is ef- 
fected when the next programming mode is set. In 
the ordinary readout mode, latch pulse LA is not 
generated so that transistor 12 will be kept noncon- 
ductive and the above data latching operation will 

not be effected. 

Fig. 8 shows a second embodiment of this 
invention in which a leak current path is added to 
the sense line associated with the memory cell into 
which data is programmed in the verify mode ac- 
cording to the data latched in the progra mmin g 
mode. The potential of sense line SL or SL is 
lowered via the leak current path to reduce the 
.potential difference between the sense lines asso- 
ciated with the programmed and non programmed 



memory cells, thus setting a severe criterion for 
data determination. Portions of Fig. 8 which are the 
same as those in Fig. 5 are denoted by the same 
reference numerals, and the detail explanation 

5 therefor is omitted. In Fig. 8. bit lines BL and BTof 
respective memory cell arrays MCA1 and MCA2 
are typically shown. One end of the current path of 
enhancement type N-channel switching MOS tran- 
sistor 15-1 is connected to common bit line CL. 

10 Leak current source 16-1 is connected between the 
other end of the current path of transistor 15-1 and 
power source Vss. The output terminal of inverter 
17-1 is connected to the gate of transistor 15-1, 
and the input terminal of inverter 17-1 is connected 

75 to the output terminal of NAND gate 9-1 . One input 
terminal of NAND gate 9-1 is supplied with control 
signal PV, and the other input terminal thereof is 
connected to the output terminal of inverter 18. The 
input terminal of inverter 18 is connected to the 

20 other end of the current path of transistor 14. 
Likewise, one end of the current path of enhance- 
ment type N-channel switching MOS tr ansist or 1 5- 
2 Is connected to common bit line CL . Leak 
current source 16-2 is connected between the oth- 

25 er end of the current path of transistor 15-2 and 
power source Vss. The output terminal of inverter 
17-2 is connected to the gate of transistor 15-2, 
and the input terminal of inverter 17-2 is connected 
to the output terminal of NAND gate 9-2. One input 

30 terminal of NAND gate 9-2 is supplied with control 
signal PV, and the other input terminal thereof is 
connected to the other end of the current path of 
transistor 14. 

First, the programming/verify operation in the 

35 case where programming data Din is H 0" is ex- 
plained. In the case where programming data Din 
is "O", that one of memory cells MC connected to 
bit line BL which is supplied with voltage Vpp from 
selected word line WL is set into the programmed 

40 state ("0" state) in the same manner as in the case 
of the circuit shown in Fig. 5, and memory cell ETC 
connected to the other bit line BL is set into the 
non-programmed state ( w 1 " state). 

In the verify operation, the gate of swi tching 

45 transistor 15-2 connected to sense line 5C~bn the 
nonprogrammed side is supplied with an output of 
Inverter 17-2 which has inverted output w 1 w of 
NAND gate 9-2 receiving programming data Din of 
"0" level latched in the programming operation, 

so and transistor 15-2 is turned off. In contrast, the 
gate of switching transistor 15-1 connected to 
sense line SL on the programmed side is supplied 
with an output of inverter 17-1 which has inverted 
output "0 W of NAND gate 9-1 receiving control 
55 signal PV of "1 " level and programming data Din of 
"1" level, and transistor 15-1 is turned on. As a 
result, sense line SL is discharged via transistor 
15-1 and leak current source 16-1, and the poten- 
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tial thereof becomes lower than in the norma! 
readout operation. That is, the potential of sense 
line SL on the programmed side is pulled down to 
reduce the potential difference between sense lines 
SL and 3T"caused by the difference between mu- 
tual conductances gm of programmed memory cell 
MC and non-programmed memory cell MC . 

In this way, the criterion used for level com- 
parison with respect to the potential of data "0" 
read out from memory ceil MC to sense line SL 
becomes severe and consequently a sufficiently 
large programming charge amount AVth can be 
attained. 

In a case where programming data Din is "1 
a selected one of memory cells MC in memory cell 
array MCA2 is set into the programmed state ("0" 
state) and a selected one of memory cells MC in 
memory cell array MCA1 is set into the non-pro- 
grammed state ("1 " state). The succeeding opera- 
tion is effected in the same manner as in the case 
of programming data Din of "0" level. 

Fig. 9 shows a semiconductor memory device 
according to a third embodiment of this invention. 
In the EPROM of this embodiment, two sense 
amplifiers are used. That is, differential amplifica- 
tion type sense amplifier 1 is used for the normal 
data readout operation and differential amplification 
type sense amplifier 19 is used for the data 
readout operation in the verify mode. In this circuit, 
a circuit section for programming data Din and a 
latching circuit section are omitted. The circuit sec- 
tions are basically the same as those shown in Rg. 
5 or 8. One end of each of common bit lines CL 
and CUis connected to one end of a corresponding 
one of the current paths of potential clamping MOS 
transistors 2-1 A and 2-2A. The gates of transistors 
2-1 A and 2-2A are applied with bias voltage VB1. 
The other ends of the current paths of transistors 
2-1A and 2-2A are respectively connected to first 
and second input terminals N1 and N2 of differen- 
tial amplification type sense amplifier 1 via sense 
lines SL and SET. The current path of enhancement 
type P-channel MOS transistor 4-1 whose gate and 
drain are connected together and which acts as a 
load is connected between sense line SL and pow- 
er source Vcc. The current path of enhancement 
type P-channel MOS transistor 4-2 whose gate and 
drain are connected together and which acts as a 
load is connected between sense line SlTand pow- 
er source Vcc. The other end of each of transistors 
2-1 B and 2-2B is connected to one end of common 
bit lines CL and CC~is connected to one end of the 
current path of a corresponding one of potential 
clamping MOS transistors 2-1 B and 2-2B. The 
gates of transistors 2-1 B and 2-2B are applied with 
bias voltage VB2. The other end of the current 
paths of each of the current path of a correspond- 
ing one of enhancement type N-channel MOS tran- 



sistors 20-1 and 20-2 for determining whether 
memory cell array MCA1 or MCA2 is selected. The 
gate of transistor 20-1 is supplied with signal 
SSA2L which is set at a high or low level respec- 

5 tively when memory cell array MCA1 or MCA2 is 
selected. The gate of transistor 20-2 is supplied 
with signal SSA2R which is set at a high or low 
level respectively when memory cell array MCA2 
or MCA1 is selected. Signals SSA2L and SSA2R 

w are generated according to a latch signal of pro- 
gramming data Din. For example, signal Di in the 
circuit shown in Rg. 5 or 8 is supplied as signal 
SSA2L to the gate of transistor 20-2, and inverted 
signal DTof signal Di is supplied as signal SSA2R 

75 to the gate of transistor 20-2. The other ends of the 
current paths of transistors 20-1 and 20-2 are con- 
nected together. The current path of enhancement 
type P-channel MOS transistor 21-1 whose gate 
and drain are connected together and which acts 

20 as a load is connected between one end of the 
current path of transistor 20-1 and power source 
Vcc. The current path of enhancement type P- 
channel MOS transistor 21 -2 whose gate and drain 
are connected together and which acts as a load is 

25 connected between one end of the current path of 
transistor 20-2 and power source Vcc. A common 
connection node between the other ends of transis- 
tors 20-1 and 20-2 is connected to first input termi- 
nal N3 of differential amplification type sense am- 

30 plifier 19. Second input terminal N4 of sense am- 
plifier 19 is applied with reference voltage VR. The 
output terminals of sense amplifiers 1 and 19 are 
connected to one-ends of the current paths of 
enhancement type N-channel MOS transistors 22A 

35 and 22B. The gate of transistor 22A is supplied 
with signal SSA1 which is set at a high or low level 
respectively in the normal readout mode or in the 
programming and verify modes, and the gate of 
transistor 22B is supplied wih signal SSA2 which is 

40 set at a high or low level respectively in the pro- 
gramming and verify modes or in the normal 
readout mode. The other ends of the current paths 
of transistors 22A and 22B are connected together, 
and readout data in the normal readout mode or 

45 data in the verify node is read out from a connec- 
tion node of the other ends of the current paths. 

With the above construction, bias voltage VB1 
is applied to transistors 2-1 A and 2-2A and signal 
SSA1 is set at a high level in the data readout 

so mode, so that transistors 2-1 A. 2-2A and 22A are 
turned on. At this time, application of bias voltage 
VB2 to transistors 2-1 B and 2-2B is interrupted, 
and signal SSA2 is set at a low level, so that 
transistors 2-1 B, 2-2B and 22B are turned off. In 

55 this case, complementary data read out from one 
of memory cells MC selected from mem ory cell 
array MCA1 and one of memory cells MC selected 
from memory cell array MCA2 is amplified by 



7 



13 



EP 0 337 393 A2 



14 



means of sense amplifier 1 , and output via transis- 
tor 22A. In the data programming mode, the same 
programming circuit as inverters 6-1 and 6-2 and 
transistors 5-1 and 5-2 in the circuit of Fig. 5 or 8 is 
used to program data into one of memory cells MC 
selected in memory cell array MCA1 or one of 
memory cells MlTselected in memory cell array 
MCA2. Further, In the verify mode, bias voltage 
VB2 is applied to transistors 2-1 B and 2-2B and 
signal SSA2 is set at a high level, so that transis- 
tors 2-1 B, 2-2B and 22B are turned on. At this 
time, application of bias voltage VB1 to transistors 
2-1 A and 2-2A is interrupted, and signal SSA1 is 
set at a low level, so that transistors 2-1 A, 2-2A and 
22A are turned off. In this case, if programming 
data Din is "0", signal SSA2L is set at a high level 
and signal SSA2R is set at a low level, thereby 
causing data to be read out from a programmed 
one of memory cells MC in memory cell array 
MCA1 and supplied to first Input terminal N3 of 
sense amplifier 19 via the bit line, transistor 3-1, 
common bit line CL, transistor 2-1 B and transistor 
20-1. Reference voltage VR is applied to second 
input terminal N4 of sense amplifier 19. The poten- 
tial difference between the level of data of a pro- 
grammed one of memory cells MC in memory cell 
array MCA1 and reference voltage VR is amplified 
.by means of sense amplifier 19 and output via 
transistor 22B. Reference voltage VR is higher than 
The potential of sense line SL on the non-pro- 
grammed side in the normal readout mode and 
lower than the potential of sense line SL on the 
programmed side in the normal readout mode. 
Thus, the criterion used for the level determination 
for the potential of data "0" read out from memory 
cell MC becomes severer. Therefore, if program- 
ming charge amount AVjh for memory cell MC Is 
insufficient, the requirement of the varify check 
cannot be met. In such a case, data is reprogram- 
med according to the algorithm shown in Fig. 6. for 
example, and as a result, sufficiently large pro- 
gramming charge amount AVth for selected mem- 
ory cell MC will be obtained. 

In contrast, when programming data Din is "1 ", 
memory cell 15IC~selected in memory cell array 
MCA2 is set into the programmed state ("0" state) 
and memory cell MC selected in memory cell array 
MCA2 is set into the non-programmed state <"1 n 
state). In the verify mode, signal SSA2R is set at a 
high level and signal SSA2L is set at a low level, 
thereby causing data to be re ad o ut from a pro- 
grammed one of memory cells MC in memory cell 
array MCA2 and supplied to first input terminal N3 
of sense ampiifier 19 via the bit line, transistor 3-2, 
common bit line CL , transistor 2-2B and transistor 
20-2. Then, the same operation as that in the verify 
mode for data "0" is effected. 

Fig. 10 shows another construction of sense 



amplifier 19 in the circuit of Fig. 9. In the circuit of 
Fig. 9, the differential amplification type sense am- 
plifier is used. However, in the circuit of Fig. 10, a 
feedback type sense amplifier is used. That is, in 

s this example, sense amplifier 19 Includes feedback 
type 2-input NOR gates 23-1 and 23-2, enhance- 
ment type N-channel MOS transistors 24-1 and 24- 
2, and inverter 25. One input terminal of NOR gate 
23-1 is connected to common bit line CL, the other 

10 input terminal thereof is supplied with inverted sig- 
nal SSA2L of signaJ SSA2L, and the output terminal 
thereof is connected to the gate of transistor 24-1. 
One end of the current path of transistor 24-1 is 
connected to common bit line CL. One input termi- 

15 nal of NOR gate 23-2 is connected to common bit 
line UTT, the other input terminal thereof is supplied 
with inverted signal SSA2R of signal SSA2R, and 
the output terminal thereof is connected to the gate 
of transistor 24-2. One end of the current path of 

20 transistor 24-2 is connected to common bit line UE 
, and the other end thereof is connected to the 
other end of the current path of transistor 24-1. A 
connection node between the other ends of the 
current paths of transistors 24-1 and 24-2 is con- 

25 nected to the input terminal of inverter 25. Data is 
read out from the output terminal of inverter 25 in 
the verify mode. 

With feedback type sense amplifier 19, it is not 
necessary to supply reference voltage VR which is 

30 used in the case of the differentia] amplification 
type sense amplifier. In the case of feedback type 
sense amplifier 19, the circuit threshold voltage of 
inverter 25 is used for level determination of the 
potential of common bit line CI or rJET. 

35 In each of the above embodiments, each mem- 

ory cell is formed of one transistor, but this inven- 
tion can be applied to the case where each mem- 
ory cell is formed of a plurality of transistors. 

Further, in the above embodiment, a 2-cell/1-bit 

40 type EPROM is used, but this invention can be 
applied to the 4-cell/l-bit type EPROM which is 
disclosed in IEEE JOURNAL OF SOLID-STATE 
CIRCUITS as described in "Related Art". 

That is, this invention can be generally applied 

45 to a semiconductor memory device in which two 
sets of programmable nonvolatile memory cells 
selected by the same word line selection signal 
and the same column selection signal are used for 
each bit and a difference between the potentials of 

so the paired bits respectively connected to the two 
sets of memory cells is amplified by means of a 
sense amplifer for determining the readout data. 

As described above, according to this inven- 
tion, there is provided a semiconductor memory 

55 device in which a sufficiently large amount of pro- 
gramming charge can be obtained in each memory 
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eel! so that the characteristics of access time t A cc 
and the noise margin can be improved and the 
operation reliability can be enhanced. 



Claims 

1 . A semiconductor memory device comprising 
a first memory cell array (MCA1) having nonvolatile 
memory ceils (MC) arranged in a matrix form; a 
second memory cell array (MCA2) having non- 
volatile memory cells ( MC ) arranged in a matrix 
form and selected in combination with the respec- 
tive memory ceils (MC) of said first memory cell 
array (MCA1) in a paired form; programming 
means (5-1 , 5-2. 6-1. 6-2. 10) for setting one of the 
paired memory cells (MC, MC ) selected from said 
first and second memory cell arrays (MCA1, 
MCA2) into the programmed state and the other 
into the non-progammed state according to the 
programming data and thus programming com- 
plementary data into the paired memory cells (MC, 
WT) selected from said first and second memory 
ceil arrays (MCA1. MCA2); sense amplifier means 
(1) for determining stored data by comparing data 
read out from the selected memory cell (MC) in 
said first memory cell array (MCA1) with data read 
out from the selected memory cell ( MC ) in said 
second memory cell array (MCA2); characterized 
by further comprising latch means (12, 13, 14, 9-1, 
9-2. 11) for temporarily storing input programming 
data when complementary data is programmed into 
a pair of selected memory cells (MC. MC ) of said 
first and second memory cell arrays (MCA1, 
MCA2); and criterion setting means (4-1, 4-2, 7-1, 
7-2. 8-1. 8-2. 15-1. 15-2. 16-1. 16-2, 19) for setting 
a criterion severer in the verify operation effected 
immediately after complementary data has been 
programmed into the memory cells (MC, MC ) of 
said first and second memory cell arrays (MCA1, 
MCA2) according to data latched in said latch 
means (12, 13. 14, 8-1, 9-2, 11) than in the normal 
readout operation. 

2. A semiconductor memory device according 
to claim 1, characterized in that said criterion set- 
ting means includes potential difference reducing 
means (14-1. 7-1. 7-2. 8-1. 8-2, 15-1. 15-2. 16-1. 
16-2) for setting the potential difference between 
the potentials of data read out from selected ones 
of the memory cells (MC, MC ) in said first and 
second memory cell arrays (MCA1 and MCA2) 
smaller in the verify operation effected immediately 
after complementary data has been programmed 
into the memory cells (MC, MC ) of said first and 
second memory cell arrays (MCA1 and MCA2) 
than that in the normal readout operation. 



3. A semiconductor memory device according 
to claim 1, characterized in that said criterion set- 
ting means includes means (4-1, 4-2, 7-1, 7-2, 8-1, 
8-2) for increasing the conductance of a load of the 
5 input terminal of said sense amplifier means (1) 
connected to one of said first and second memory 
cell arrays (MCA1 and MCA2) which is associated 
with the non-programmed section in the verify 
mode. 

10 4, A semiconductor memory device according 

to claim 3, characterized in that said means for 
increasing the conductance of said load includes 
first and second load means (4-1 , 4-2) respectively 
connected to first and second input terminals (N1 , 

rs N2) of said sense amplifier means (1); and third 
and fourth load means (7-1, 8-1, 7-2. 8-2) respec- 
tively connected to the first and second input termi- 
nals (N1, N2) of said sense amplifier means (1); 
one of said third and fourth load means (7-1, 8-1, 

20 7-2, 8-2) being set into the non-operative state 
while the other is set in the operative state accord- 
ing to an output of said latch means (12, 13, 14, 9- 
1. 11). 

5. A semiconductor memory device according 
25 to claim 4, characterized in that each of said first 

and second load means includes an enhancement 
type P-channel MOS transistor (4-1, 4-2) whose 
gate and drain are connected together. 

6. A semiconductor memory device according 
30 to claim 4, characterized in that said third load 

means includes a first MOS transistor (8-1) of P- 
channel enhancement type whose gate and drain 
are commonly connected to the first input terminal 
(N1) of said sense amplifier means (1); and a 
35 second MOS transistor (7-1) of P-channel enhance- 
ment type whose current path is connected be- 
tween the source of said first MOS transistor (8-1) 
and a first potential supplying source (Vcc) and 
whose conduction state is controlled by the output 
40 of said latch means (12. 13, 14, 9-1. 9-2, 11), and 
said fourth load means Includes a third MOS tran- 
sjstor (8-2) of P-channel enhancement type whose 
gate and drain are commonly connected to the 
second input terminal (N2) of said sense amplifier 
45 means (1); and a fourth MOS transistor (7-2) of P- 
channel enhancement type whose current path is 
connected between the source of said third MOS 
transistor (8-2) and said first potential supplying 
source (Vcc) and whose conduction state is con- 
50 trolled by an inverted signal of the output of said 
latch means (12, 13, 14, 9-1, 9-2, 11). 

7. A semiconductor memory device according 
to claim 1, characterized in that said criterion set- 
ting means includes leak means (15-1, 15-2, 16-1, 

55 16-2) for increasing the leak current in the input 
terminal of said sense amplifier means connected 
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to one of said first and second memory cell arrays 
(MCA1, MCA2) which is associated with the non- 
programmed side in the verify operation. 

8. A semiconductor memory device according 

to claim 7, characterized in that said leak means s 
includes first switching means (15-1) which is con- 
nected at one end to the first input terminal (N1) of 
said sense amplifier means (1) and whose switch- 
ing position is controlled based on an inverted 
signal of the output of said latch means (12, 13, 14, 10 
9-1. 9-2, 11); a first leak current source (16-1) 
connected between the other end of said first 
switching means (15-1) and a second potential 
supplying source (Vss); second switching means 
(15-2) which is connected at one end to the second 15 
input terminal (N2) of said sense amplifier means 
(1) and whose switching position is controlled 
based on the output of said latch means (12, 13, 
14, 9-1. 9-2, 11); and a second leak current source 
(16-2) connected between the other end of said 20 
second switching means (15-2) and said second 
potential supplying source (Vss). 

9. A semiconductor memory device according 
to claim 8, characterized in that each of said first 

and second switching means includes a MOS tran- 25 
sistor (15-1, 15-2). 

10. A semiconductor memory device according 
to claim 1 , characterized in that said criterion set- 
ting means includes a sense amplifier (19) whose 

first input terminal (N3) is applied with a potential 30 
corresponding to data read out from a programmed 
one of the memory cells (MC or MC ) and whose 
second input terminal (N4) is applied with a refer- 
ence potential (VR). 

1 1 . A semiconductor memory device according 3S 
to claim 10, characterized in that said sense am- 
plifier includes a differential amplification type 
sense amplifier (19). 

12. A semiconductor memory device according 

to claim 11, characterized in that the reference 40 
potential (VR) applied to the second input terminal 
(N4) of said differential amplification type sense 
amplifier (19) is set higher than the poten tial of 
data read out from the memory cell ( MC of MC) 
on the non-programmed side in the normal readout 45 
operation and lower than the potentia l of d ata read 
out from the memory cell (MC or MC ) on the 
programmed side. 

13. A semiconductor memory device according 

to claim 10, characterized in that said sense am- so 
plifier includes a feedback type sense amplifier 
(1.9). 

14. A semiconductor memory device according 
to claim 1, characterized in that said programming 
means Includes a first MOS transistor (5-1) whose 55 
current path is connected at one end to a program- 
ming power source terminal (Vpp) and at the other 

end to said first memory cell array (MCA1); first 



level shifter means (6-1) for shifting the potential of 
programmed data to the potential level of the pro- 
gramming voltage (Vpp) and applying the potential 
to the gate of said first MOS transistor (5-1); a 
second MOS transistor (5-2) whose current path is 
connected at one end to said programming power 
source terminal (Vpp) and at the other end to said 
second memory ceil array (MCA2); and second 
level shifter means (6-2) for shifting the potential of 
an inverted signal of programmed data to the po- 
tential level of the programming voltage (Vpp) and 
applying the potential to the gate of said second 
MOS transistor (5-2). 

15. A semiconductor memory device according 
to claim 14, characterized in that said each of said 
frst and second level shifter means includes an 
inverter (6-1, 6-2) operated on the programming 
voltage (Vpp). 

16. A semiconductor memory device according 
to claim 1. characterized in that said latch means 
includes a first MOS transistor (12) whose current 
path receives programming data (Din) at one end 
and whose gate is supplied with a latch pulse (LA) 
kept at a high level for a preset period of time prior 
to the data programming operation; a latch circuit 
(13) whose input terminal is connected to the other 
end of current path of said first MOS transistor 
(12); a second MOS transistor (14) whose current 
path is connected at one end to the output terminal 
of said latch circuit (1 3) and whose gate is supplied 
with a .first control signal (SVpp) set at a high level 
in the data programming mode and verify mode; a 
first NAND gate (9-1) whose first input terminal is 
connected to the other end of the current path of 
said second MOS transistor (14) and whose second 
input terminal Is supplied with a second control 
signal (PV) set at a high level in the programming 
and verify modes and at a low level In the normal 
readout mode; and a second NAND gate (9-2) 
whose first input terminal is connected to the other 
end of the current path of said second MOS tran- 
sistor (14) and whose second input terminal is 
supplied with an inverted signal of the second 
control signal (PV). 

17. A semiconductor memory device according 
to claim 1, characterized in that said sense am- 
plifier means includes a differential amplification 
type sense amplifier (19). 
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